Asynchronous Atrioventricular Valve Opening as it Relates to Right to Left Interatrial Shunting in the Normal Newborn  by Steinfeld, Leonard et al.
712 JACC Vol. 12, No.3 
September 1988:712-8 
Asynchronous Atrioventricular Valve Opening as it Relates to Right to 
Left Interatrial Shunting in the Normal Newborn 
LEONARD STEINFELD, MD, FACC, ORLANDINO D. ALMEIDA, MD, 
EDWIN L. ROTHFELD, MD, FACC 
New York, New York 
The opening of the tricuspid valve and the onset of right 
ventricular filling precede the opening of the mitral valve 
and the onset of flow in the normal adult. Sixty-five studies 
of atrioventricular flow with range-gated pulsed Doppler 
echocardiography, performed on 32 normal neonates, con-
sistently demonstrated the reverse sequence. Further inves-
tigation showed that at the time of mitral valve opening, 
while the tricuspid valve was still closed, the valve of the 
foramen ovale began to bow posteriorly into the left atrium 
and remained posteriorly bowed for most of diastole. The 
magnitude of posterior bowing varied among the neonates 
but, concomitant with the more prominent grades of pos-
terior bowing, right to left shunting across the foramen 
ovale was demonstrated on color flow mapping. Ultrasound 
studies in the normal fetus also revealed earlier opening of 
the mitral valve, bowing of the valve of the foramen ovale 
Asynchronous opening of the mitral and tricuspid valves is 
known to occur in the normal adult. Although published data 
are limited (1,2) and contradictory (3), the weight of evidence 
supports the view that the tricuspid valve opens before the 
mitral valve in the adult. Range-gated pulsed Doppler studies 
of diastolic flow across the mitral and tricuspid valves in the 
normal newborn were reported by Hatle and Angelsen (4) to 
show that the mitral valve opened before the tricuspid valve. 
Because their observations were based on a limited number of 
infants, more extensive studies were necessary in a larger 
group of patients to validate this finding. 
In pursuit of the explanation for earlier mitral and tricu-
spid valve opening, the phasic movements of the valve of the 
foramen ovale were studied by two-dimensional and M-
mode echocardiography. Kupferschmid and Lang (5) 
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into the left atrium and right to left shunting across the 
foramen ovale. 
These findings indicate that in the normal immature 
heart isovolumic ventricular relaxation is completed earlier 
on the left than on the right side and that left ventricular 
compliance appears to be greater than right ventricular 
compliance. The relation of left and right ventricular 
compliance in the adult is different from that in the normal 
immature heart. Whereas systemic and pulmonary vascu-
lar resistance and pressure levels change rapidly in the 
newborn period, ventricular compliance matures over a 
longer period of time. As a result of the differential 
maturity, for a variable period of time in the normal 
neonate, a left to right ductal shunt coexists with a right to 
left atrial shunt. 
(J Am Coil CardioI1988;12:712-8) 
showed that the anterior and posterior migration of the vaive 
of the foramen ovale reflected the interatrial pressure gradi-
ent. They also suggested that diastolic posterior bowing of 
the valve of the foramen ovale was related to left ventricular 
diastolic compliance. 
It was the purpose of this study to demonstrate that the 
mitral-tricuspid valve opening sequence is common to all 
normal newborns and is a function of a greater left ventric-
ular than right ventricular diastolic compliance. Further-
more, it was our aim to show that both the sequence of 
atrioventricular (A V) valve opening and the left ventricular-
right ventricular diastolic compliance relation, which are 
peculiar to the newborn, predispose to a frequently occur-
ring right to left shunt across the foramen ovale. 
Methods 
Study patients. Sixty-five echocardiographic and range-
gated pulsed Doppler studies were performed on 32 normal 
neonates. Eleven of the 32 were studied on either 3 or 4 
successive days; the remaining 21 newborns had a single 
study or a study on 2 successive days. AU observations were 
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made at the time of an echo cardiographic evaluation initially 
requested by the clinical service. A cardiac murmur or a 
suspicion of heart disease based on a parent or sibling with 
heart disease was the usual indication for the echocardio-
gram. All babies were subsequently proved not to have heart 
disease by echocardiography and follow-up clinical exami-
nation. All studies were performed in conformity with estab-
lished rules regarding clinical investigation of the Institu-
tional Review Board, which required formal written 
approval to conduct the study. 
The echocardiographic and Doppler studies were per-
formed with either the Ultramark 6 or the MK-600 ultraso-
nographic instruments (Advanced Technology Labs, Inc). A 
5 MHz mechanical transducer was used with the MK-600 
and a 5 MHz phased-array transducer with the Ultramark 6. 
The echocardiographic and pulsed Doppler images were 
viewed on a television screen and simultaneously recorded 
on VHS videotape. When indicated, hard copy recordings 
were obtained at a paper speed of 50 or 100 mm/s. Color flow 
data were obtained only on the last nine babies studied 
because color flow instrumentation was not available earlier. 
Imaging of the AV valves was performed from the apical 
four chamber view with the infant quiet or asleep and in a 30° 
left oblique position. None of the newborns exhibited cyan-
osis or respiratory distress. Range-gated pulsed Doppler flow 
recordings, in conjunction with a single electrocardiographic 
(ECG) lead, were obtained at the level of the A V valve 
anulus. With appropriate positioning of the sample volume, 
the opening swing of an A V valve leaflet could be sharply 
depicted, along with a clear inscription of the onset of A V 
diastolic flow. Mitral and tricuspid valve opening times were 
measured from the peak of the R wave to the upward velocity 
spike associated with separation of the leaflets of the respec-
tive A V valve. Mitral and tricuspid valve opening times were 
determined sequentially with meticulous attention given to 
performing the measurements at identical heart rates. 
The subxiphoid view afforded optimal imaging of the 
valve of the foramen ovale. M-mode tracings of this valve 
were obtained with a single ECG lead. M-mode studies of 
this valve and color flow mapping at the site of the foramen 
ovale were compared with mitral and tricuspid range-gated 
pulse Doppler studies. For the correlative studies, the M-
mode, color flow and pulsed Doppler data were recorded 
sequentially, but at identical heart rates. 
Data analysis. Data relating heart rate to opening times of 
the mitral and tricuspid valves were entered into a Texas 
Instruments computer, model Tl-55iii. Linear regression 
lines were drawn and correlation coefficients calculated. 
Results 
Mitral and tricuspid valve opening. A total of 65 individ-
ual studies were recorded in the 32 normal newborns. In 
each of the 65 studies, separation of the mitral leaflets and 
the onset of mitral diastolic flow preceded tricuspid valve 
opening and onset of flow. The time interval between mitral 
and tricuspid valve opening ranged between 4 and 44 ms, 
(mean 16). There was an indirect linear relation between 
heart rate and opening times of the mitral and tricuspid 
valves, but no correlation was found between heart rate and 
the time period separating opening of the two valves. Heart 
rates ranged from 96 to 157 beats/min, and within this range 
the tricuspid valve was never observed to open before the 
mitral valve and the two valves were never observed to open 
simultaneously. 
Early and late diastolic filling waves: role of heart rate. At 
relatively slow heart rates, <120 beats/min, mitral and 
tricuspid diastolic flow recordings showed distinct early and 
late diastolic filling waves (Fig. IA). The onset of the early 
mitral filling wave preceded the onset of the early tricuspid 
filling wave and the ratio of peak velocity of early to late 
diastolic filling was unity, or near unity, for both mitral and 
tricuspid diastolic filling. Compared with heart rates <120 
beats/min, with faster heart rates and shortened diastolic 
filling periods (Fig. lB) there was a tendency to a reduced 
early diastolic filling wave, more noticeable with tricuspid 
than with mitral flow. When the diastolic filling period was 
short, slightly more time was available for early mitral filling 
than for early tricuspid filling because of the earlier mitral 
valve opening. The early mitral filling wave, therefore, was 
more completely inscribed than the early tricuspid filling 
wave. At a heart rate of 140 beats/min (Fig. IC), the early 
mitral filling wave (E) was discernible, but the early tricuspid 
filling wave was found to be truncated or absent. When the 
heart rate exceeded ISO beats/min, in almost all cases both 
the mitral and tricuspid early filling waves were absent and 
diastolic filling was solely a function of the late filling wave 
(A) after atrial contraction. 
It is clear from these data, as well as from published data 
(6), that the ratio of peak velocity of early to late diastolic 
filling is a function of heart rate, and at a heart rate> 125 
beats/min, which is often encountered in the normal neo-
nate, the E to A peak velocity ratio is determined by the 
amount of time available for early filling before atrial con-
traction occurs. The mitral valve always opens earlier; thus, 
early left ventricular filling waves appear when early right 
ventricular filling waves are absent. To attain the necessary 
stroke output when early diastolic filling is attenuated or 
absent, late diastolic flow becomes proportionately greater; 
the latter is manifested as a prominent late filling wave with 
high peak velocity and increased area under the filling wave. 
Movement of the valve membrane of the foramen ovale 
during the cardiac cycle. This was best imaged from the 
subxiphoid window (Fig. 2). The delicate nature of the valve 
membrane allowed it to function like a windsock, reflecting 
the pressure gradient across the atrial septum. The valve of 
the foramen ovale during ventricular systole was usually 
positioned anteriorly, either flush with the atrial septum or 
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bowed slightly into the right atrium. In early diastole, 
immediately after mitral valve opening, the valve of the 
foramen ovale moved posteriorly (Fig. 3), apparently in 
response to a change in the pressure relation between the 
right and left atria. In the majority of studies, the movement 
posteriorly was abrupt and there was a prominent posterior 
bowing of the valve of the foramen ovale into the left atrium. 
In other instances the bowing was less conspicuous, but 
posterior migration of the valve of the foramen ovale was a 
feature common to all cases. Moreover, in all patients 
studied, the valve of the foramen ovale moved posteriorly at 
the time when the mitral valve opened and the tricuspid 
valve was still closed. 
35ms 
Figure 1. Range-gated pulsed Doppler recordings with the sample 
volume positioned at the ventricular inlet within 3 mm of the 
atrioventricular anulus. A, The upper panel depicts diastolic flow 
across the mitral valve and the lower panel diastolic flow across the 
tricuspid valve. Mitral and tricuspid flows were recorded sequen-
tially at an identical heart rate of 102 beats/min. At this heart rate 
distinct early (E) and late (A) filling waves were inscribed for both 
the right and the left ventricle. The left ventricular early filling wave 
preceded the early right ventricular filling wave by 25 ms. Peak E to 
A velocity ratios were approximately 1 for both right and left 
ventricular filling. B, At a heart rate of 125 beats/min, left ventricular 
early (E) and late (A) filling waves are clearly delineated, but the 
early right ventricular filling wave (lower) is markedly abbreviated. 
Left ventricular filling (upper) begins 17 ms before right ventricular 
filling. Early right ventricular filling is curtailed because the tricuspid 
valve opens at the time of atrial contraction (A). Left ventricular E 
to A peak velocity ratio is 0.78; right ventricular E to A peak 
velocity ratio is unmeasurable. C, At a heart rate of 140 beats/min 
the total diastolic period was too short to accommodate an early 
diastolic filling wave before atrial contraction occurred. There was 
an abbreviated early diastolic filling wave in the left ventricle and 
none in the right ventricle. Mitral and tricuspid opening times were 
separated by 35 ms. The E to A peak velocity ratios were meaning-
less at this heart rate. 
Color flow echocardiographic studies. During the diastolic 
phase of the cardiac cycle and at the time that the valve of 
the foramen ovale bowed posteriorly into the left atrium, 
color flow mapping revealed a jet of blood that flowed from 
the right to the left atrium. The right to left atrial jet was best 
demonstrated when the bowing of the valve of the foramen 
ovale appeared prominent, as shown in Figure 2, rather than 
shallow, as in Figure 3. 
Three of the 65 studies on the 32 normal newborns 
showed a variation of the usual pattern of motion of the 
valve of the foramen ovale during the cardiac cycle. In each 
of these three studies the valve of the foramen ovale moved 
posteriorly in diastole after opening of the mitral valve, and 
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a right to left jet of blood was demonstrated with color flow 
mapping. There was, however, a secondary bulge of the 
valve of the foramen ovale posteriorly that occurred during 
ventricular systole (Fig. 4). The systolic bulge was associ-
ated with tricuspid regurgitation, which was detected on 
color flow imaging and verified with range-gated pulsed 
Doppler ultrasound. At the time of the posterior systolic 
bowing there was a systolic jet of blood that flowed from the 
right to left atrium that was readily demonstrated on color 
flow mapping. 
Discussion 
Hemodynamics in the normal newborn baby. A dimin-
ished arterial oxygen tension (Pao2) has been a characteristic 
finding in the normal newborn (7,8). Ventilation-perfusion 
mismatch, coincident with ventilatory dysfunction, or 
patchy atelectasis is the concept commonly expressed to 
explain this lower than expected Pao2 in seemingly normal 
neonates. Intracardiac or ductal shunts, which cause venous 
admixture, leading to diminished arterial Pao2 values, occur 
primarily in distressed term and preterm babies (9). In the 
normal infant, however, a right to left atrial shunt would be 
inconsistent with our current understanding of neonatal 
hemodynamics. There is a well described schema of inter-
acting hemodynamic events after parturition (10) consisting 
of a decrease in pulmonary vascular resistance, an increase 
in systemic vascular resistance, increased pulmonary blood 
flow, left to right ductal shunting, increased left atrial pressure 
and functional closure of the foramen ovale. This normal train 
of events does not take into account a right to left atrial shunt 
as an explanation for the reduced arterial oxygen tension 
found in the neonate without complications. Not previously 
considered, however, are the hemodynamic factors that pre-
vail during the diastolic phase of the cardiac cycle. 
Right to left interatrial shunt in the normal newborn. In 
this study we have shown that in the normal neonate there is 
a jet of desaturated blood that shunts from the right to the 
left atrium during diastole. An open mitral valve, a closed 
tricuspid valve and a patent foramen ovale set the stage for 
the right to left atrial shunt. Associated with opening of the 
mitral valve, there is unloading of the left atrium with a 
consequent decrease in left atrial pressure. While the tricu-
spid valve is closed, right atrial pressure comes to exceed 
left atrial pressure. In response to the pressure gradient, the 
thin veil-like valve of the foramen ovale bulges posteriorly 
into the left atrium and concomitantly a brief jet of blood 
flows from right to left through the unguarded orifice of the 
foramen ovale. The volume of the right to left shunt is a 
function of the size of the effective orifice of the foramen 
ovale and the pressure gradient across the atrial septum, 
neither of which could be measured in this study; thus, the 
volume of blood shunted with each beat could not be 
determined. The extent of the ballooning of the valve of the 
ECG 
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Figure 2. Still frame of a sub xiphoid four chamber view in diastole 
(upper panel). The valve of the foramen ovale (VFO) can be seen 
bulging into the left atrial (LA) cavity. An M-mode cursor courses 
through the right atrial (RA) cavity, the valve of the foramen ovale 
and the left atrial cavity. M-mode recording depicting the phasic 
movement of the valve of the foramen ovale (VFO) through three 
complete cardiac cycles (lower panel). In this case this valve moved 
deeply into the left atrium (LA) in diastole and then with the onset 
of systole moved abruptly to an anterior position to become flush 
with the atrial septum. ECG = electrocardiogram;L V = left ven-
tricular cavity; MV = mitral valve; Post = posterior; RV = right 
ventricular cavity; VS = ventricular septum. 
foramen ovale into the left atrium is clearly a function of the 
trans atrial pressure gradient (11,12). Thus, it would be 
reasonable to infer that the more prominent the bulge, the 
higher the transatrial gradient and the larger the right to left 
interatrial shunt. 
Tricuspid regurgitation in the newborn. Three of 10 nor-
mal babies who were studied on successive days from the 
first to the last day in the nursery were found, coincidentally, 
to have mild to moderate tricuspid regurgitation. Tricuspid 
regurgitation in the normal newborn has been reported 
(13,14), but the true incidence has yet to be established. 
Each of the three babies with proved tricuspid regurgitation 
showed, on M-mode recording, posterior bowing of the 
valve of the foramen ovale in diastole as expected. In 
addition, however, a prominent posterior bulge was noted 
during ventricular systole. The prominent systolic bulge was 
not seen in babies without tricuspid regurgitation and was 
not related to the respiratory cycle. The systolic bowing 
could only be attributed to an increased right atrial pressure 
and an increased trans atrial pressure gradient, both of which 
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Figure 3. Range-gated pulsed Doppler recording of left ventricular 
(LV) filling (upper panel). M-mode recording of the valve of the 
foramen ovale (VFO) (lower panel). The two recordings were done 
sequentially at identical heart rate of 157 beats/min. Posterior 
bowing of the valve of the foramen ovale into the left atrium (LA) 
begins precisely with opening up of the mitral valve. Abbreviations 
as in Figures 1 and 2. 
related directly to tricuspid regurgitation. The color flow 
studies performed on the three infants showed a right to left 
atrial shunt in both systole and diastole. The systolic right to 
left shunt coincided precisely with the onset of the systolic 
bulge of the valve of the foramen into the left atrium. 
Posterior bowing of the valve of the foramen ovale. There 
was considerable variability in the degree of posterior bow-
ing of the valve of the foramen ovale. Smaller term babies, 
babies delivered by cesarean section and babies excessively 
stressed during delivery tended to show, on the two-
dimensional sector scan, the most conspicuous bowing of 
the valve of the foramen ovale into the left atrium. More-
over, as demonstrated with color flow studies, a right to left 
atrial shunt seemed easier in the subset with perinatal stress. 
Respiratory factors also played an ill-defined role in regard 
to bowing of the valve of the foramen ovale into the left 
atrium. Although definitive studies relating respiratory ac-
tivity to movement of the valve of the foramen ovale could 
not be performed in the normal newborn nursery, during 
some echocardiographic studies there was convincing evi-
dence from simultaneous viewing of the breathing pattern 
and the M-mode image of the valve of the foramen ovale that 
inspiration does augment posterior bowing of this valve. 
Right versus left ventricular compliance in the fetus versus 
the newborn. Concomitant studies in the fetus showed asyn-
chronous opening of the A V valve with the mitral opening 
HR: !l3/mln 
Figure 4. Range-gated pulsed Doppler recordings of right ventricular 
(RV) filling (upper panel) and left ventricular (LV) filling (middle 
panel). Lower panel, M-mode recording with an M-mode cursor 
intersecting the right atrial (RA) cavity, the valve of the foramen 
ova1e (VFO) and the left atrial (LA) cavity. The three panels were 
recorded sequentially at identical heart rates (RR) in a neonate with 
proved tricuspid regurgitation. The vertical black line corresponds to 
the time of mitral valve opening. Tricuspid opening occurs later. At 
mitral opening the valve of the foramen ovale moves posteriorly, 
reaching its nadir during atrial systole, and then returns to the plane 
of the atrial septum at end-ventricular systole (arrows). After 
ventricular systole when tricuspid regurgitation occurs, the valve of 
the foramen ovale again moves posteriorly, bulging into the left 
atrium. The systolic bulge was associated with a right to left atrial 
shunt shown on color flow mapping. Abbreviations as in Figures 1 
and 2. 
preceding tricuspid opening, similar to that observed in the 
newborn (Fig. 5). Fetuses uniformly show a generous bulge 
of the valve of the foramen ovale into the left atrium, and 
there is little question that in the fetus there is a diastolic 
right to left atrial shunt. The diastolic right to left atrial shunt 
and earlier mitral than tricuspid valve opening, which occur 
in both the fetus and normal newborn, serve as convincing 
evidence to support the view (15) that 1) left ventricular 
relaxation is completed earlier than right ventricular relax-
ation, and 2) diastolic compliance of the left ventricle is 
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Figure 5. M-mode recording obtained on a 24 week fetus. The 
M-mode cursor guided by two-dimensional imaging, intersects the 
right (RV) and left (LV) ventricles at the level of the atrioventricular 
valves. The first and second vertical black lines indicate the time of 
opening of the mitral (MV) and tricuspid (TV) valves, respectively. 
The mitral valve opened before the tricuspid valve and there was a 
79 ms hiatus between opening o(the two atrioventricular valves. 
greater than that of the right ventricle. The relation of right 
to left ventricular compliance in the immature heart appears 
to be the reverse of what is known about compliance 
relations in the more mature heart of the child or adult 
(16,17). Whereas pulmonary and systemic vascular resis-
tances and systolic pressures undergo rather abrupt changes 
in the transition from the prenatal to the postnatal state (18), 
maturational changes in right and left ventricular diastolic 
compliance tend to follow a more gradual course. 
During fetal life, oxygenation of the brain and other vital 
organs is facilitated by a right to \eft atrial shunt. Although it 
is essential to the fetus to have a higher left ventricular than 
right ventricular diastolic compliance, once parturition oc-
curs this compliance relation serves no advantage. The 
persistence of a relatively, if not absolutely, reduced right 
ventricular diastolic compliance into the neonatal period 
predisposes to right to left atrial diastolic shunting. In light of 
the fact that the pulmonary artery and right ventricular 
systolic pressures decrease rapidly in the neonatal period 
(19) and right ventricular compliance changes gradually, an 
unusual hemodynamic situation prevails for a short time in 
the normal newborn, namely, a left to right ductal shunt 
coexisting with a right to left atrial shunt. 
Early and late ventricular filling waves. The early filling 
wave of the left ventricle has been shown in the adult (20,21) 
to be directly related to heart rate whereas the ratio of early 
(E) to late (A) peak velocity of ventricular filling has been 
reported to reflect left ventricular compliance (22, 23). At the 
rapid heart rates usually observed in the fetus and often 
encountered in the normal newborn, the diastolic period 
before atrial contraction may be too brief to allow for a well 
developed rapid ventricular filling wave (Fig. IB and C). 
Thus, heart rate in the neonate is critical when considering 
the significance of either mitral or tricuspid E to A peak 
velocity ratios. The view that the E to A peak velocity ratio 
of :S 1 is evidence of reduced left ventricular compliance (22) 
may be true for a specific heart rate, but a reduced mitral E 
to A peak velocity ratio could result from an abbreviated 
early filling wave and augmented late diastolic filling coinci-
dent with a rapid heart rate. Our relatively limited observa-
tions in the neonatal period indicate an inverse relation of E 
to A peak velocity ratio to heart rate at rates between 120 
and 150 beats/min. For the fetus and neonate, therefore, to 
reach a valid conclusion regarding ventricular compliance 
_ based on the E to A peak velocity ratio, measurements must 
be taken at heart rates not exceeding 120 beats/min. 
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